Generation of efficient frequency-double fiber-based continuous wave (cw) orange laser radiation at 590-nm by single-pass second harmonic generation (SHG) of 1180-nm high-power Raman fiber laser in two 20-mm long bulk periodically poled MgO doped lithium niobate (PP-MgO: LN) crystals arranged in series is reported . Single-pass SHG efficiency with a single 20-mm long crystal was limited by large linewidth of the fundamental laser source in comparison to the wavelength acceptance of the PP-MgO: LN crystal. With this configuration, 50-75 % increase in SHG efficiency has been obtained. At 9.9-W of the 1180-nm Raman fiber laser, 1.2-Key Words: Quasi-phase-matching, Frequency doubling, Medical applications, Fiber lasers
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Compact laser sources in the yellow-orange region of the visible spectrum are currently of great interest for medical and biological applications. Especially, in medical community, there is a great demand of compact and maintenance-free visible laser source at 590-nm, a wavelength that coincides with an absorption band of hemoglobin and is of particular interest for a range of medical applications.1) Laser retinal treatment generally requires 0.1-1.5 W of continuous wave (cw) power. In the yellow-orange region of the visible spectrum, ion and dye lasers are currently used in medical applications, which are bulky, inefficient, and cumbersome to maintain. Several other methods that include single-pass extracavity sum-frequency generation2) and frequency doubling of an intracavity-Raman-shifted Nd:YAG laser3) have also been examined. Recently, 593.5-nm cw laser radiation based on sum-frequency generation between intracavity field of 1342-and the single-pass field of the 1064-nm laser lines of two Nd:YVO4 lasers in a periodically poled KTP has been reported.4) Quasi-phase-matched (QPM) periodically poled nonlinear crystals have made it possible to frequency double the output of IR fiber laser sources.5) Especially, periodically poled MgO doped lithium niobate (PP-MgO:LN) crystal is a very attractive nonlinear device for single-pass frequency doubling because of its high nonlinear coefficient and high resistance to photorefractive damage.6) Combined with Raman Stokes-shifted Ybdoped fiber laser system, such components allow development of compact, highly portable, and maintenance-free laser source at visible wavelengths that have been inaccessible so far.
Recently, the author has demonstrated 1.52 W of cw orange radiation by single-pass frequency doubling of 1180-nm fiber laser in an AR-coated 20-mm long PP-MgO:LN crystal with second harmonic generation (SHG) efficiency of 7.7 %.7) Where, it has been observed that normalized second harmonic conversion efficiency (normalized to the input fundamental power) decreases with the increase in fundamental power. This is because The frequency-doubled 590-nm orange output power versus 1180-nm input power is shown in Fig. 2 (a) , where frequency doubled orange output power with two crystals arranged in series is shown along with that with a single 20-mm long crystal. ange laser radiation at 9.9 W of fundamental power has been riod. High-power fiber lasers are available at a wide range of wavelengths, so that the technique presented in this letter may be applicable for other wavelengths.
